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MECHANISMS IN ENZYMATIC TRANSAMINATION 
REACTION BETWEEN CARBON CHAINS OF SAME LENGTH 


\. NISONOFF, F. W. BARNES, JR., T. ENNS ann S. VON SCHUCHING 
With THE Alp or W. W. Duncan* 


The Departments of Medicine and Pirysiological Chemistry, The Johns Hopkins University School of 
WV edicine 


Received for publication October 13, 1953 


Transamination is a reaction, widespread in tissues, which usually involves 
the enzymatic transfer of an amino substituent from an amino acid to a keto 
acid, viz, L-aspartate + a-ketoglutarate — L-glutamate + oxalacetate. 
In learning about the control and displacement of enzymatic reactions, con- 
siderations in the study of disease processes, it is important to know how 
various concentrations of normal substrates may influence such reactions. 

For example, the above reaction may be allowed to come to an equilibrium 
and it has been shown that this enzymatic transamination proceeds at equi- 
librium at an initial reaction rate which is only 25% of the initial reaction 
velocity for either pair of substrates alone (1). This finding led to a hypothesis 
that each pair of substrates, e.g., glutamate and oxalacetate, combines with 
the same reaction sites on the enzyme (1) to form a ternary complex, pre 
viously postulated from kinetic data (2). It was suggested that each substrate 
may combine with the enzyme alone without the simultaneous combination 
of the other reaction partner, i.e., glutamate without oxalacetate, and that, 
if this were true, ternary complexes of enzyme and two analogous carbon 
chains, e.g., glutamate and a-ketoglutarate, might be expected to form. 

Since such a complex formation then might lead to transamination be- 
tween the compounds of analogous carbon chains, we have tested this possi- 
bility by measuring the degree of enzymatic transamination occurring in two 
cases of pairs of analogous substrates, L-alanine and pyruvate labeled with 
C’, and a-ketoglutarate and L-glutamate labeled with C™. Report of trans- 
amination between carbon chains of the same length has not been found in 


the literature. Its occurrence would help to explain the inhibitory effects 


which one or more normal substrates may have on this enzyme system. 


*Henry Strong Denison Scholar for 1952-1953 

This investigation was supported by research grants from the National Institutes of 
Health, Public Health Service, and in part by the central isotope facilities supported by the 
Veterans Administration at the Johns Hopkins School of Medicine 

Presented before the National meeting of the American Chemical Society, Atlantic City. 
N. J., September 18, 1952 
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Evaluation of Experimental Approach and of Methods 


Briefly, in the first group of experiments, unlabeled alanine and pyruvic 
acid labeled with C' were incubated with enzyme at pH 7.4 and radioactivity 
was measured in the isolated alanine after various intervals. In the second set 
of experiments, a-ketoglutarate was similarly incubated with glutamate 
labeled with C", and the atom per cent excess of the carbon in the isolated 
glutamate was measured after various periods of time. Appraisal of the re- 
sults first requires consideration of the following points. 

1. False results could be obtained from the presence of catalytic amounts 
of appropriate substrate in the enzyme preparation itself. Thus in the alanine 
pyruvate experiment contamination of the enzyme with small amounts of 
glutamate or of a-ketoglutarate would cause the following equilibrium to be 
quickly reached, 


C'-pyruvate + L-glutamate (trace) = C''-L-alanine + a-ketoglutarate (trace), 


and misleading results would result from the exchange of isotope between 
pyruvate and alanine. Since it would be impossible to prepare an enzyme (3) 
from which catalytic amounts of substrates could be proven to be absent, a), 
only the thoroughly dialyzed enzyme preparation was used; b), results were 
deemed worthy of consideration only if the rate of transfer between the 
analogous chains was found to be far greater than the low order of transamina- 
tion rate calculated on a basis of catalysis by trace amounts of contaminant. 
This certain means of elimination of error from contaminant was aided by 
our finding that this preparation of enzyme catalyzed glutamate-pyruvate 
and alanine-a-ketoglutarate transamination very much more slowly than 
that of glutamate-oxalacetate or of aspartate-a-ketoglutarate (see Resulls) 
c), transamination between analogous chains was tested for two entirely 
different systems rather than for just one. 

2. The possibility of transfer of label to or from some contaminant of the 
substrates used was practically ruled out by the large extent of transamina- 
tion found and by purifying the substrates to a high degree before use and 
during isolation after the run. An appreciable fraction of the radioactivity of 
the sodium pyruvate used was associated with an impurity; however its 
concentration by weight was less than one part in 5000 (see Experimental). 
To obtain an extensive degree of transamination large amounts of enzyme 
were used. 

Significant contamination of the isolated products by the added isotopic 
substrates was eliminated by use of favorable isolation procedures in both 
sets of experiments. In the case of glutamate, the chief possible isotopi 
contaminant was a-ketoglutarate with value for the label content which 
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must have been approximately that of the glutamate. In the alanine-pyruvate 
experiments, it was found operationally difficult to isolate pyruvic acid satis- 
factorily. Although a number of trials were made, measurements of radio- 
activity were not consistent with those found for alanine isolated satisfactorily 
from the same experiment. In the glutamate-a-ketoglutarate experiments, 
isolation of a-ketoglutarate was experimentally unsatisfactory and it was 
therefore undesirable to try to separate it free of the labeled glutamate. 

3. In both experiments, isotope measurement of the isolated amino acid gave 
conclusive evidence of transamination to the keto acid, while isolation of the 
keto acid merely would have provided evidence of the presence of a deaminating 
process of some kind. 

4. The possibility of applying the alanine-pyruvate results to transamina- 
tion mechanisms in the glutamate-aspartate system would be increased if 
this enzyme were shown capable of bringing about transamination between 
3-carbon and, say, 5-carbon compounds, e.g., for the reaction, L-glutamate + 
pyruvate = a-ketoglutarate + L-alanine (see Results). The enzyme would 
then have been shown to provide analogous-chain transfer between one pair 
of a number of its usual substrates and might be expected to do so for other 
analogous pairs. This argument would apply whether there are one or more 
transaminase entities in this and other preparations. 

5. In estimating degree of isotope enrichment for C' in these compounds 
we used the difference in two means of values measured on the same day in 
the mass spectrometer specially constructed in these laboratories. In this way 
the coefficient of variation for spectrometer measurements of various samples 
was reduced to about +10%. For the first experiments, involving radioactive 
pyruvate, the coefficient of variation was also about + 10%. 

No sources of error other than those mentioned were discerned. 


RESULTS 
Transaminalion between 5- and 3-Carbon Chains 


L-alanine and a-ketoglutarate were subjected for 1 hour to the action of a 
concentrated solution of the enzyme, i.e., 3 mg./ml., and the reaction was 
found to have gone '4 of the extent necessary for equilibrium, by estimation 
with paper chromatography of the amount of L-glutamate formed. Similarly 
in a preliminary experiment, the amount of L-alanine formed indicated 
transamination was about 30 to 40% complete after 2 hours of exposure of 
L-glutamate and radioactive pyruvate to the enzyme at a concentration of 3 
mg. ml. 

It is apparent that the enzyme actively catalyzes this reaction although 
much more slowly than it catalyzes the glutamate-aspartate system (2). 
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rABLE I 


{lanine-P yruvate Transamination 


ALANINE 
ALANINE 
ISOLATED, 
EXPER. NO IMPONENTS IN BATFD ADDED FOR SPECIFIC DEGREE OF M ETION 
ISOLATION 
ACTIVITY 
unts/ Se 
” x 10 
la Substrates + enzyme 1.0 2.95 51.8 ae 
, “ mean 53.9 
Ib Substrates + enzyme 2.0 1.66 56.0 
2 Substrates only 1.0 0.08 1.4 


Reaction mixtures contained 50 ywmol./ml. each of L-alanine and sodium pyruvate-2-C¥, |; 


experiments la and 1b alanine was isolated from equal aliquots of the same reaction mixture. Cor 


2 


centration of enzyme, when present, 5 mg./ml.; pH, 7.4; t, 37.5°; reaction time, 2 hours. Tota 


] 
radioactivity of the pyruvate initially present in experiments 2 and in aliquots la or 1b was 124 


counts/sec 


Transamination between Alanine and Pyruvic Acid 


Sodium pyruvate-2-C"™ was incubated for 2 hours with unlabeled L-alanine 
in the presence of enzyme, and after dilution with more unlabeled L-alanine 
the radioactivity of the isolated alanine was measured, Table I. 

Two previous similar experiments, in which pyruvic acid was isolated, gave 
clear evidence that transamination took place to a significant degree but the 
data are not quantitatively useful and are not reported. 

The radioactivity of the isolated alanine was found to have reached 54% 
of the value it would have had if complete interchange of amino group be- 
tween the two carbon chains had been achieved, Table I. (In an abstract of 
this work the value reached was earlier reported as at least 30% of the value 
at completion.) The agreement between the values obtained after addition 
of two different amounts of unlabeled alanine for isolation purposes, experi- 
ments la and 1b, is within the limits of experimental error. 

A control experiment was performed in which all conditions were the same 
as described above except that enzyme was omitted from the incubated 
mixture. The small value of the radioactivity in the isolated alanine (Table | 
can be largely attributed to experimental error since the total number oi 
counts per second in the measured sample was only 10% higher than the 
background. 


Transamination between Glutamate and a-Keloglutarate 


L-glutamic acid, labeled with an excess of C" in the carboxyl carbon adjacent 
to the amino-substituted carbon, was synthesized and incubated with an 
equimolar quantity of a-ketoglutaric acid in the presence of the enzyme at 


pH 7.4 for 1 hour and for 'y hour in two separate experiments. Glutamate 
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TABLE II 


Glutamate-a-ketoglutaralte Transamination 


C4 IN C4 IN 
eee aon cree pence a companion 
? INITIALLY GLUTAMATE ‘ 
hr tlom “) exce tlom ©), exce 

1 Substrates + enzyme 1.0 0.286 0.138 104 + 15” 
2 Substrates + enzyme 0.5 0.286 0.125 113 + 11° 

3 Substrates only 1.0 0.271 0.270 0.8 + 4” 
Concentration of substrates = 100 wmol./ml. each; Concentration of enzyme = 5 mg./ml 


* Average deviation. 


was then isolated from the reaction mixture and analyzed for C'*:C"™ ratio. 
The results, Table I1, show that transamination must have occurred at a rate 
sufficient to achieve equilibrium in both experiments. As seen in Table II, a 
control experiment, performed in the same way except that the enzyme was 
omitted, showed no diminution in C™:C" ratio for the isolated glutamate. 


EXPERIMENTAL 
Materials 


Lithium pyruvate-2-C"™ (approximate activity, 0.1 mc. mmol.), obtained 
from the Texas Research Foundation, was converted to the sodium salt by 
acidification, addition of a 1200-fold excess of C.P. pyruvic acid, and titration 
of the ethanolic solution with sodium hydroxide in 90% ethanol, a procedure 
which resulted in precipitation of crystals of sodium pyruvate. Because of 
the high cost of the radioactive lithium pyruvate and the small amount 
available (about 40 mg.), it was difficult to determine by direct purification 
how much of its radioactivity was actually associated with lithium pyruvate. 
However, by adding a large excess of pyruvic acid, acidifying, forming the 
phenyl hydrazone and recrystallizing the latter to constant specific radio- 
activity, it was found that the measured radioactivity was only 30% of the 
value which would have been obtained if all the radioactivity of the original 
material were associated with pyruvate, i.e., 70% of the radioactivity was 
due to impurities. The specific radioactivity of the precipitated sodium pyruvate 
see above) was 38% of the value which would have been obtained if the 

— ; ; . , {100 — 38 : 
original material were pure, indicating that 89% -— x 100) of the 


20 ? 


’ : £38 — 30 p , 
impurity had been removed and that 21% x 100) of the radio- 


JC 
activity of the sodium pyruvate still was associated with the impurity. The 
weight fraction of the impurity was less than 1 part in 5000, since the original 
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material was diluted 1200-fold with unlabeled pyruvic acid before the pre 
cipitating of sodium pyruvate. In spite of many attempts, it was not found 
possible to recrystallize this material. It is extremely soluble in cold water, 
and attempts at recrystallizations from mixed solvents invariably resulted 
in the formation of oil. 

L-alanine (Nutritional Biochemicals Corporation) was purified by one 
recrystallization from an ethanol-water mixture and recrystallization from 
hot water; la|;’" = +14.46° for a solution containing 156.9 mg. in 2.42 ml, 
1 N HCl. This agrees closely with values reported in the literature (4). 

The enzyme was prepared as described previously (3); the buffer was 
prepared according to Hastings and Sendroy (5). A specially distilled water 
of very low conductivity, from tin-lined tanks, was used throughout. All 
glassware was handled specially so as to contact only soap, metaphosphate, 
and nitric acid in cleaning 

a-Ketoglutaric acid was prepared by repeated recrystallizations of the 
commercial product obtained from Nutritional Biochemicals Corporation 
By taking the material up in redistilled ethylacetate, adding redistilled pe 
troleum ether, boiling point 35°, filtering, cooling slowly, and repeating this 
whole procedure on the collected crystals four times, the melting point was 
raised from 106°-112° to a final value of 114°-117° (best value reported 
115°-116° (6)). The ethylacetate solution was treated with charcoal (Darco 
G-60 pre-washed with 6 N HCl and water many times) when necessary for 
decolorizing. 


Synthesis of L-Glutamic Acid-1-C™ 


Reported methods for synthesis of glutamic acid are somewhat unfavorable 
for preparation of this labeled material on a small scale (7-12). Accordingly 
the synthesis of hydantoin (13-15) was adapted to preparation of glutamic 
acid' (16) by the following steps. 


Preparation of the Bisulfite-Addition-Com pound of Succinic Acid Semi-aldehyde 


Diethylester of B-formyl succinic acid was prepared (b.p. 98-118° at 3 mm. 
Hg; m.p. of semicarbazone 123°; uncorr.) according to Wislicenus (17) and 
hydrolyzed to the semialdehyde acid (b.p. 105° at 3 mm. Hg), following 
Carriére’s procedure (18). 

Ten g. of the semialdehyde of succinic acid were added to 20 ml. of a satu- 
rated solution of sodium bisulfite. The solid addition product separated after 
the mixture had remained in the refrigerator overnight. Yield, 15 g. 


' While this adaptation of the hydantoin synthesis was in progress, Anatol (16) described 


the synthesis of glutamic acid by the same method but gave no experimental details. 
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Preparation of hydantoin-5-propionic acid 


H 
HOOC—CH.—CH.—C——C=0. 


HN NH 


O 


One g. of the aldehyde bisulfite addition compound, 1.14 g. of (NH4)oCOs, 
and 0.178 g. of KCN, containing 60 atom per cent excess C, were placed in a 
Carius tube with 6 ml. of water, sealed, and heated for 24 hrs. at 100°; the 
excess (NH,4)2CO; was removed by heating for 2 hrs. in a boiling water bath. 
The solution was acidified to Congo Red with HCl and heated for another 
3) minutes on the water bath, the total volume being kept to about 30 ml. 
\fter extraction with ether for 8 hrs. to remove succinic acid, which had been 
formed from the unreacted aldehyde, the sodium and potassium chlorides 
(156 mg.) were partly precipitated by bubbling gaseous HC! into the solution. 
These salts were filtered off and the filtrate was evaporated to dryness. 


Preparation of DL-Glutamic Actd-1-C 


The residue was hydrolyzed with 4 ml. of concentrated HCl in a Carius 
tube for 4 hrs. at 100°. The HCl was then removed by repeated evaporation to 
dryness in vacuo and the residue, 897 mg., was taken up in water, decolorized 
with charcoal three times and evaporated to dryness in vacuo. 


Separation of Labeled L-Glutamic Acid 


Four g. of L-glutamic acid were added to the residue dissolved in 50 ml. o 
water at 96° and, after cooling, the filtered crystals were washed two times 
with 10 ml. of a 1:1 alcohol-water mixture. The air-dried crystals weighed 3.62 


g..a@ = +1.95°; (on a highly purified preparation (3), originally from Merck, 
under same conditions, a = +1.96°). This L-glutamic acid, 3.50 g., was 


mixed with 400 mg. of DL-glutamic acid in hot water in order to reduce 
possible contamination with isotopic D-glutamic acid to an insignificant value. 
The crystals obtained, 3.27 g., were again treated with 400 mg. of DL-glutamic 
acid and the crystallized product was recrystallized twice from hot water. 
The dried crystals weighed 2.09 g.,a = +1.96° under the same conditions 
as before. C enrichment in this final L-glutamic acid was 0.28 + 0.01 atom % 
excess, indicating a yield of DL-glutamic acid of 54% at the stage after hy 
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drolysis of hydantoin-5-propionic acid, using as a basis the 178 mg. of KCN 
having a C™ content? of 58.8 atom % excess. 


Measuremeni of Radioactivity 


All radioactivity measurements were made with an end-window Geiger 
tube of window thickness 2.3 mg. cm.* The counting efficiency was checked 
against a standard sample during each day’s counting. Correction for self- 
absorption was made by referring all radioactivity measurements to a con- 
stant predetermined mass (35 mg.) and by construction of a standard self- 
absorption curve. The weight of measured samples did not differ from 35 mg 
by more than a factor of two. The mean deviation of a series of counts of the 
same sample was less than 10% in all experiments except the control (Table I); 
in the latter case the activity was only slightly higher than background 

Transamination between Alanine and Pyruvate 

The experiments were carried out as described under “Results”, with 
conditions described in the footnote of Table I. The reaction was stopped by 
rapid addition of enough 6 N HCl to bring the pH below 1. After evaporation 
to dryness at 50-60" under a stream of air, the reaction mixture was redis- 
solved in water, adjusted to pH 6 with lithium hydroxide, and divided into 
two equal portions. | g. and 2 g., respectively, of L-alanine were added to 
each of these aliquots to facilitate isolation of that substrate. After dialysis 
against water to remove the enzyme, and evaporation of the dialysates to a 
small volume, pure L-alanine was isolated in each case by recrystallizations 
from hot water. These recrystallizations were repeated until constant specific 
radioactivity of the precipitated material was obtained. Nitrogen content 
(Kjeldahl), 15.5%, 15.4% (cale., 15.7%). 

The degree of completion of the reaction, T, is expressed as 100 times the 
ratio of the C" concentration found to that concentration which would have 
been reached had complete interchange of amino group between the two 
carbon chains been achieved, Table I. This was calculated by the formula: 

és S2(A + a) I 
Tr = 100 x x 
Sip N. 
in which S, and S, are the specific activities (counts sec. mg.) of the isolated 
alanine and of the sodium pyruvate used, respectively; a represents the mg. ol 
alanine present before unlabeled alanine of weight, A mg., was added to 
facilitate the isolation; p represents the mg. of pyruvate used in the experi 
ment; and N, is the mol fraction (0.5) of alanine in the mixture of two sub- 
strates in the reaction. 


* Reported by Eastman Kodak Company for KCN used 
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KCN Transamination between Glutamate and a-Ketoglutarate 
The experiments were carried out as described under “Results”, with 
conditions described in the footnote of Table II. The reaction was stopped 

; by bringing the pH of the mixture to less than 3 with HCl (1); the solution 
—— was then dialyzed at 5° with efficient stirring and removal of the dialysate 
‘cked every 1!4 to 2 hrs. until 5 dialysates were removed, each being diluted im 

self- mediately with an equal volume of 95% ethanol and placed in the ice-box.* 

— The combined dialysates were evaporated to dryness repeatedly, approxi- 
_self- mately at room temperature; pH was then adjusted to 3.1 in small volume, 
us and 2 volumes of 95% ethanol were added. The separated crystals of glutamic 
res acid were recrystallized twice from water at the isoelectric point. The carbon 
le I); of the dried glutamic acid was converted to CO. in a dry combustion train 

with copper catalyst, collected as a gas sample, and analyzed for C':C™ 
ratio on a specially constructed mass spectrometer, previously carefully 

‘th calibrated.‘ Reference samples of L-glutamic acid-1-C' were analyzed re- 
e “es peatedly with each new unknown. 
ation CONCLUSIONS 
redis- ;' ; ‘a ° 

; It is clear that this enzyme preparation is able to catalyze transfer of amino 

_ group between certain analogous keto- and amino acids. Thus, certain pairs 
d " of 3-carbon chain and also of 5-carbon chain compounds may separately 
lysis Sa ie : 7 

. undergo transamination, the transfers between the tested 5-carbon compounds 
toa ‘ . ie : 

. taking place much more rapidly than those between the 3-carbon ones. It is 
= reasonable to expect that these reactions, as well as transfers of amino group 
— between compounds of 4-carbon chains, occur both in vitro and in vivo in the 
—_ presence of additional substrates which provide simultaneous opportunity for 

transamination between homologous carbon chains (e.g., glutamate and 
b Ge oxalacetate). 
have ; : ss — , -_ 
In this way, transaminase activity exhibits a certain degree of freedom 
= which qualifies the enzyme’s specificity in a new manner and lends support 
~ to the hypothesis that transaminase combines with each of many substrates 
independently and at the same sites on the enzyme (see introduction to this 
paper). Thus part of the retardation at equilibrium (1) may be caused by 
occupation of common enzymatic sites with transfers of amino group between 
ated analogous keto- and amino acids. The findings support the concept (1) that 
g- o normal substrates may interfere with a given reaction catalyzed in vitro, 
d to and presumably in living systems, by the enzyme, transaminase. The results 
perr are also consistent with the reaction, L-glutamate + pyridoxal phosphate = 
sub: a-ketoglutarate + pyridoxamine phosphate suggested (19, 20) as part of the 
hese steps were taken to avoid possible bacterial growth. 
‘Enns, T., and Barnes, F W., Jr., unpublished data 
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transamination mechanism, but as yet undemonstrated in the enzymati 
system. 


SUMMARY 


Led to a hypothesis that transaminase forms ternary complexes with 
analogous amino and keto acids, we have measured the degree of transamina- 
tion occurring when the enzyme is incubated with alanine and pyruvate-2-C" 
and again with a-ketoglutarate and glutamate-1-C'. Since both reactions 
are shown to take place readily in the presence of the enzyme preparation, 
their occurrence is thought to be a factor in the previously observed retarda- 
tion of enzymatic activity at equilibrium. 
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INTRODUCTION 


Unusually heavy infants are reputedly born to women destined to be recog- 
nized, subsequent to their childbearing era, as manifesting diabetes mellitus. 
With the exception of Miller’s report (1) and possibly that of Barns and 
Morgans (2), the sources of the available information on this phenomenon 
have been verbal reports by diabetic women describing pregnancies which 
took place years previously. Such was the case with a previous report by one 
of the authors (3). More accurate information will eventually elucidate the 
unknown mechanism causing the development of these large babies. The 
following study was undertaken in order to document, with the aid of hospital 
obstetrical records, certain circumstances surrounding pregnancies in “pre- 
diabetic” women. We have directed our attention particularly to maternal 
weight and parity, to the duration of the period of gestation, and to infant 
weight and length. 

TECHNIQUE OF STUDY 

Selection of pregnancies in “prediabetic”? women observed by stati of The Jokns Hopkins 
Hospital: Data on 98 pregnancies in 46 mothers have been tabulated. The mothers will be 
referred to as the “*Prediabetic Group’. In collecting these data, the following technique 
was observed 

A review was made of the hospital records of all female patients who, when between 
the ages of 40 and 55, inclusive, had been admitted to The Johns Hopkins Hospital as 
bed-patients during the period 1925 through 1946 and on whom the diagnosis of diabetes 
mellitus was made during their admission. There were also reviewed the records of a few 
patients in whom the diagnosis was first made during admissions occurring over the period 
1947 through 1949. These admissions resulted from the needs of the patient and occurred 
before our study was instituted. In many of these cases, there was a history of the existence 
of diabetes previous to the hospital admission, in which instances the disease was recorded 
as beginning in the year it was first reported to the patient by a physician. The records ol 
patients in whom the diagnosis of diabetes was not fully documented were not studied 
further 

\ tabulation (Table I) was then made of data on those pregnancies occurring in this 


group which (a) were completed under the observation of the staff of the Hospital, either 


* The data presented in this report appeared in abstract form in the Proceedings of t 
Central Society for Clinical Research, J. Lab. and Clin. Med., 1952, 40, 801 
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rABLE I 


MOTHER 
. Race Age ans oto Parity Height Weight* Sex 
diabetes 
n" 
1 W ; 35 1927 12* 5 61 225 | M 
2(2 Ww 40 1931 Qe 7 62 283' F 
3 W 30 1924 16 6 58 193 r 
4 W | 32 1927 7 2 66 300 M 
5 W 28 1927 13 1 63 203 F 
6 Cc 41 1928 11 5 64 192! M 
7 W 34? =: 1930 6* i) 63 247! M 
8 W | 39 1923 12* 7 61 202 M 
9(1 W 34 1930 14« 10 67 181 I 
9(2 W 36 1932 12 11 67 200 M 
9(3 W 38 1934 10% 12 67 191 M 
9(4 W | 39 1935 Qe 13 67 204 F 
10(1 Cc 30 1921 22 6 62 166” F 
10(2 ( 33 1924 19 7 62 206 M 
11 ( 32 1938 10 2 61 209 F 
12 ( 25 1930 10% 3 64 203 Fr 
13 W 35 1936 5« 6 62 224 M 
14(1 W 39 1939 3 0 62 264 M 
14(2 Ww 40 1940 2 1 62 239 M 
15 Cc | 38 1942 3 0 66 209 F 
16(1 C 29 1927 20% 1 62 177 M 
16(2 Cc 35 1933 14* 2 62 193 M 
17 W 33 1931 16 1 61 129 r 
18(4 ip 32? 1928 18 3 61 142 r 
19 W | 32 1937 11 2 65 179 M 
20 & 36 1937 7 } 62 165 Fr 
21(1 C 28 1929 102 5 64 173 M 
21(2 ( 30 1931 8 6 64 178 F 
22 C | 3% 1940 5 9 61 179 F 
23(5 Cc 31 1937 10 9) 60 152 M 
23(7 ( 35 1941 6 11 60 169 M 
24 te 29 1934 s 0 62 157 M 
25(2 C | 2 1922 22 1 64 152 M 
25(3 ( 25 1923 20 2 64 152 IF 
25(4 ( 29 1927 16* 3 64 170 M 
25(5 Cc 33 1931 12 } 64 173 I 
25(6 ts 36 1934 Qe 5 64 183 I 
6 (1 W | 32 1932 16 4 63 123 I 
26(2 W 34 1934 14¢ 5 63 138 I 
271 W 39 1931 16* S 62 160 M 
27(2 W 41 1933 14 9 62 141 F 
28 ts 35 1927 20% 4 61 135! ir 
29(3 W 28 1925 20 2 61 163 M 
30(1 W 36 1931 16 Ss 61 161 I 
30 (2 W 38 1933 14« 9 61 165 I 
30(3 W 43 1937 Qe 10 61 178 M 


‘Recorded in third trimester unless otherwise indicated 

» Recorded in second week postpartum 

Recorded in second trimester. 

‘Premature operative delivery following uterine hemorrhage. 
Spina bifida, hydrocephalus 


Congenital syphilis. 


Complete Data on 46 Pregnancies in 30 Prediabelic Mothers 


Period of Live 
gestation birth 


eek 
36? No 
41 Yes 
40) Yes 
41 Yes 
45? Yes 
48? Yes 
42 No 
41 No 
40 Ves 
39 Yes 
39 Yes 
39 Yes 
48? Yes 
41 Yes 
37 No 
39 Yes 
41? Yes 
10) No 
39 Yes 
39 Yes 
1) Yes 
36 Yes 
42? Yes 
42 Yes 
40) Yes 
40 Yes 
41 Yes 
38 Yes 
32 Yes 
35? Yes 
41? Yes 
41? Yes 
41 Yes 

4 Yes 
39? Yes 
34 Yes 
40 Yes 
36 Ves 
37 Ves 
42 Yes 
4] Yes 
x0 No 
4] Yes 
43? Yes 
38 Yes 
39 Yes 


Weight 


3150 
4810 
3870 
4050 
4260 
4175 
4830 
3520 
4050 
4650 
4870 
4100 
4430 
6090 
3710 
3210 
4740 
3600 
3610 
3380 
3515 
3650 
3150 
4050 
3920 
4205 
4220 
3950 
2250 
3425 
3980 
3715 
3440 
3215 
3050 
3315 
2715 
3200 
3390 
3240 
2350 
2100 
3720 
3950 
3750 


4000 


® Fasting blood sugar normal during this pregnancy or first two weeks postpartum. 
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I 
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29(4 
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29(6 
29(7 
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Race 


Age 


34 
17? 
19? 
21? 
24 
25 
26 
29 


32 


»?> 


24? 


38 
38 
40 
18 
22? 
24? 
30? 
34? 
37? 
39? 
29 
32 
34 
36 
37 
36? 
37 
24 
25 
26 
28 


>= 
Ee 


lel 
detiy 


P. 


Incom plete 


Date 


1925 
1913 
1915 
1917 
1930 
1931 

1932 
1935 
1938 
1920 
1912 
1917 
1927 
1929 
1930 
1933 
1920 
1920 
1922 
1907 
1911 

1913 
1915 
1919 
1916 
1918 
1915 
1898 
1900 
1906 
1910 
1913 
1915 
1913 
1916 
1918 
1920 
1921 

1916 
1925 
1913 
1914 
1915 
1917 
1919 


ered 


H. 


FUTCHER 


AND N. 


TABLE II 


MOTHER 
Interval 
to Parity 
diabetes 
154 5 
334 0 
310 
294 2 
74 5 
164 6 
154 7 
124 8 
gd 10 
24 0 
33 0 
28 l 
184 3 
16¢ + 
144 : 
124 6 
18 2 
16 0 
144 1 
19 2 
15 3 
16¢ 5 
14¢ 6 
10 7 
13 5 
11 6 
33 0 
324 2 
30 3 
244 6? 
204 7? 
17 8? 
154 9? 
254 0 
224 1 
204 2 
184 3 
17 + 
14 6 
54 6 
14 0 
13 l 
12 2 
10 3 
21 12 


Data on 52 


Height 


64 
61 
61 
61 
63 
63 
61 
62 


62 


62 


62 


62 


62 


62 


62 


62 
62 
62 
00 
60 
60 
60 


60 


Ww. 


Weight® 


246 


148 


150 
153 
158 


164 
157 
159 
156 


113! 


Pregnancies in 21 


LONG, JR. 
Vother 
Sen Period of 
gestation 
weeks 
M 47 
M 40? 
M 42? 
F 40 
F 40 
M 38 
r 41 
F 39 
F 33 
F 34? 
M 45? 
M 40 
M 41 
F 39 
M 
M 36? 
F 36 
M 40 
M 42 
M 44 
F 41 
F 38? 
F 38? 
M 40 
M 43 
M 43 
M 41 
F ? 
F 44 
I 42 
M 42 
M 40 
M 41 
M 38 
F 42 
F 40 
M 44 
F 36 
M 39 
M 37 
IF 41 
I 39 
I $2 
I 39 
M 34 


Live 
birth 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
\ cs 
Yes 
Yes 


Weight Lengt 
4990 56 
3960 51 
4190 50 
4640 50 
3400 51 
2825 37 
3550 51 
3000 19 
3950 53 
3190 49 
3210 52 
3870 51 
3070 50 
3295 50 
3750 53 
3700 54 
3390 52 
4455 54 
4080 54 
4370 55 
3930 53 
3280 51 
3060 48 
4100 54 
3215 50 
3900 50 
3535 52 
3290 48 
2950 47 
3515 49 
3400 49 
4080 52 
3570 50 
3170 49 
3515 50 
3625 50 
3515 51 
2660 45 
3150 50 
2955 49 
2730 53 
3130 49 
2840 50 
3360 51 
2560 48 
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TABLE I1—Continued 
MOTHER NFANT 


napeame Interval 


Date Period of Live Weis 


Race’ Age dabivered , to Parity Height Weight“ Sex nostation birth t Lengt 
diabetes 
n ce ’ , 
43 (1 W 38 1934 124 5 62 157 M 1) Yes 4500 56 
43 (2 W 39 1935 11¢ 6 62 160 I 31? Yes 4050 52 
4 W 28 1911 27? 3 Ol M 0? Yes 3360 50 
$5(1 cS | ae 1920 20° I 67 I 36? Yes 3400 51 
5(2 ( 23 1921 194 2 67 I ? Yes 3290 52 
45 (3 ( 24 1922 18¢ 3 67 185 M 42 Yes 3970 55 
16 C 34? 1916 24 7 | 64 I 11? Yes 4080 52 
Recorded in third trimester unless otherwise indicated. 
Recorded in second week postpartum. 
Record of pregnancy describes maternal obesity 
‘Urine, not tested for sugar in association with this pregnancy, found negative for sugar at a 
ater examination, which antedated the recognition of diabetes 
Patent ductus arteriosus; died age one day. 
within the Hospital or through the facilities of the Hospital’s outside obstetrical service; 


b) produced single infants of which there was a record of the birth weight and which were 
the product of a pregnancy not terminated prior to the twenty-eighth week; (c) were elu 
cidated by the record of the weight of the mother, measured cither during pregnancy or 
the first two weeks after delivery; (d) were further elucidated by the record of an examina 
tion of at least one specimen of urine for sugar, either antepartum or in the first week post 
partum; (e) were not known to be complicated by maternal diabetes, suggested by the 
finding of amounts of urinary reducing substance sufficient to render Benedict’s test posi 
tive 3+ (yellow) or 4+ (orange-red) or by diagnostically significant elevations of the fasting 
blood sugar in the instances in which the latter value was measured; and (f) occurred one 
or more years before the diagnosis of diabetes was made at the Johns Hopkins Hospital 
or elsewhere. A separate tabulation (Table I1) was made of data on pregnancies in which 
information on item (c) and (d) was lacking. 

The birth weights were measured either on a balance, or, in the case of deliveries taking 
place at home, on a spring scale. The ‘“‘length”’ of the infants was the heel-crown dimension, 
usually measured with a tape while the infant was suspended by the ankles; in an unknown 
number of instances the measurement was made with a rule while the infant was supine 

RESULTS 

General: In Table I are presented relatively complete data on 46 preg- 
nancies in 30 mothers who were first demonstrated to have diabetes two or 
more years after the pregnancy described. Pregnancy number “‘1”’ indicates 
the only pregnancy occurring in Mother “1”? which was appropriate for tabu 
lation; pregnancies ‘*9(1), 9(2), 9(3) and 9(4)”’ represent four pregnancies in a 
single mother. ‘‘Parity’’ indicates “‘essential parity’—the sum of full term 
and premature deliveries, with abortions excluded. 

In Table II are presented incomplete data on 52 pregnancies in 21 mothers 
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who were first demonstrated to have diabetes five or more years after the 
pregnancy described. Data on other pregnancies in five of these 21 mothers 
appeared in Table I. No information is available on the pregnant weight of 
most of these women. In association with those pregnancies indicated by 
Footnote d there was performed no examination of the urine for sugar; in 
such instances there were, however, recorded in the chart one or more reports 
of the absence of sugar from the urine on a date intervening between the 
pregnancy and the date of recognition of diabetes. Hence the mothers listed 
in Table II have been considered not to have had diabetes at the time of the 
pregnancies described. In the following discussion we will whenever possible 
draw our conclusions from the whole group of 98 pregnancies, regarding all 
of them as having occurred in ‘prediabetic’? women. 

Anatomical characteristics of infants born to prediabetic mothers: \n the brief 
descriptive notes on the infants there was no mention of edema or prominent 
accumulation of fat. Information on the weights of the 98 infants is summarized 
in Table III. 

The mean weight of the 42 infants born to white “‘prediabetic’’ mothers 
was 3825 grams. For comparison with this figure, there were available data 
on the weight of 1034 white infants weighing 2500 grams or more or measuring 
45 centimeters or more in length which were the products of single pregnancies 
completed either in the Hospital or through the facilities of the Hospital’s 
outside obstetrical service during the years 1930 and 1931. The infants were 
weighed and measured by the techniques already described. The mean weight 
of this control group was 3357 grams, and the standard deviation 518 grams. 
The mean weight of the 56 infants of colored ‘‘prediabetic’’ mothers was 
3509 grams. For comparison, data on the weights of 976 colored infants were 
available; the circumstances of compilation of the data were exactly the same 
as those described for the white control group except that the mothers were 
colored. The mean weight was 3107 grams and the standard deviation 479 


grams. Computation reveals that the mean weights of the infants of both 


TABLE III 
Condensation of Data on Infant Weight from Tables I and II 
WHITE COLORED 
Number infants 42 56 
Number mothers 23 23 
Mean weight (gms 3825 3509 
Standard deviation (gms 605 655 
Number 4000 gm. infants 16(38% 11 (20% 
Number mothers of 4000 gm. infants 10 S 
Number 4500 gm. infants 717% 2(4% 
) 


Number mothers of 4500 gm. infants 5 
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the white and the colored ‘prediabetic’ mothers were significantly greater 
than those of the appropriate controls, at the one per cent level. 

A study of a graph of the distribution of the weights of the infants described 
in the tables and those of the control infants suggests that the distribution 
curve describing the infants born to the “‘prediabetic’’ mothers may be uni- 
formly displaced toward the heavier weight range. The skewing of the “heavier” 
portion of the curve described in our earlier study (3) was less apparent in 
the current series. 

The mean length of the 39 measured infants born to white “prediabetic” 
mothers was 52.3 centimeters. For comparison with this figure there were 
available data on the lengths of 1016 of the 1034 white infants already referred 
to. The mean length of this control group was 50.50, and the standard devia- 
tion 2.40, centimeters. The mean length of the 55 measured infants of colored 
“prediabetic’’ mothers was 50.8 centimeters; that of the 969 measured infants 
in the colored group was 49.48 centimeters, with a standard deviation of 2.41. 
Computation reveals that the mean length of the infants both of the white 
and colored ‘‘prediabetic’” women was significantly greater than that of the 
controls, at the one per cent leve’. 

There was a definite trend for the heavier infants to be longer than the 
lighter members of the group. The length was measured in 26 of the infants 
weighing 4000 grams or more; in 23 it was 52 cm. or greater. The mean length 
of the 15 heavy white infants who were measured was 54.5 cm. and of the 11 
heavy colored infants 53.2. As a source of controls, there were available the 
hospital records of the group of 1016 white infants and 969 colored infants 
referred to in the preceding paragraph. Statistical analysis demonstrates that 
the mean lengths of both the 15 white and the 11 colored infants of ‘‘pre- 
diabetic” mothers were significantly greater than that of the appropriate 
control group, at the one per cent level. 

Multiple pregnancies in a prediabetic mother: Twenty-two of our 46 mothers 
gave birth to two or more of the 98 infants in our series. There was a trend 
for a mother consistently to produce babies of about the same weight. 

Incidence of toxemia: Toxemia, usually mild, was present in 29 of the 46 
pregnancies described in Table I, including 12 of the 16 pregnancies producing 
infants weighing 4000 grams or more. Seventeen of the 30 mothers are known 
eventually to have developed sustained hypertension. Only 3 of the 16 ad- 
ditional women described in Tab!e II are known to have developed hyper- 
tens on. Mothers 1 and 2 developed intercapillary glomerulosclerosis. 

Infant weight and maternal age: In general, the mothers in our series fell 
into the later years of the usual childbearing period. Of the seven mothers 
of the nine infants weighing 4500 grams or more, six were aged 33 years, or 
older, at the time of the pregnancy in question. Our method of selecting the 
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pregnancies which we have tabulated may have led to inclusion of a dispropor- 
tionate number of mothers in the older age groups. 

Infant weight and maternal parity: There was slight trend for infant weight 
to increase with increasing maternal parity; the same trend has been reported 
for presumably normal mothers (4). Of the seven mothers of the nine infants 
weighing 4500 grams or more, six had an essential parity of five or more at 
the time they produced their large infants. Not all prediabetic mothers of 
big infants had produced a large number of children previously, however. 
Seven infants weighing in excess of 4000 grams were born to women with a 
parity of two or less. 

Infant weight and interval before recognition of diabetes in mother: \n contra- 
distinction to the experience of others, we did not observe a striking trend 
toward the appearance of increasingly heavy babies as the interval until the 
recognition of diabetes narrowed. Six infants weighing more than 4000 grams 
were born to three mothers 18 to 29 years before the recognition of the disease; 
one of the six was a 6090 gram baby. 

Infant weight and severity of maternal diabetes: Data permitting an accurate 
evaluation of the severity of the diabetes which finally developed in the 46 
mothers in Tables I and II were not available. However, there was recorded 
in the records the dosage of insulin employed by these women. On this basis, 
no correlation was found between severity of diabetes and infant weight. In 
some of the subjects bearing large babies (Mothers 9, 11, 13, 14, 19, and 20) 
the disease was mild, was not accompanied by symptoms and was discovered 
incidental to the study of another problem—in four instances, pregnancy. 

Infant weight and duration of pregnancy: The duration of pregnancy was 
calculated from the information presented by the mother regarding her last 
menstrual period. In many instances the mother was uncertain as to the date, 
and information obtained in such instances is qualified in Tables I and II 
with a question mark. Of the 27 pregnancies producing infants weighing 4000 
grams or more, 18 lasted 31 to 41 weeks. Thus, marked prolongation of the 
period of gestation was not a requirement for the production of a large baby; 
the 6090 gram infant was the product of a 41 week pregnancy. 

Infant weight and maternal obesity: The standard weight was calculated 
for each mother in Table I, employing the Metropolitan Life Insurance Com- 
pany’s height-weight tables. After giving consideration to the fact that the 
maternal weights were, with rare exceptions, recorded in the third trimester 
of pregnancy, it became apparent that the great majority of the mothers 
exceeded the standard weight. Some were markedly obese. The high incidence 
of obesity in the ‘prediabetic’? mothers of large infants has been described 
by many investigators since Miller (1) stimulated interest in the general 


subject. Our data were inadequate to permit evaluation of the reported cor- 
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relation between rapid weight gain during or immediately after pregnancy 
and the gestation of large infants in “‘prediabetic’’ women (5). 

While some authors question whether maternal obesity is associated with 
the gestation of large infants in presumably otherwise normal subjects, the 
observations of Odell and Mengert (6) on 641 women weighing 200 pounds or 
more suggest that such an association exists. Thus one factor contributing 
to the excessive size of the infants born to ‘“‘prediabetic’’ mothers may well 
be the same factor which operates in the overweight infants born to obese 
women not known to have developed diabetes at a later date. 

In order to determine whether the factors associated with maternal obesity 
and multiparity are the only ones contributing to the excessive size of the 
large infants born to “‘prediabetic’’ mothers, an effort was made to compare 
the weights of infants born to the obese ‘prediabetic’? women in our series 
with those of infants born to obese ‘“‘normal’’ women. The weights of infants 
born to our “prediabetic”? mothers indicated in Table I as weighing 190 pounds 
or more were compared (a), with those reported by Odell and Mengert (aver- 
age 3550 grams); (b), with the weights of 45 infants born to 20 white and 
25 colored nondiabetic mothers weighing 190 pounds or more during a preg- 
nancy observed in Johns Hopkins Hospital in 1943 and 1944 (average 3682 
grams, standard deviation 652 grams) and; (c), with the weights of 21 infants 
of 14 white nondiabetic mothers aged 30 years or more having an essential 
parity of five or greater and weighing in excess of 190 pounds during each of 
these 21 pregnancies, which were observed in Johns Hopkins Hospital during 
the years 1945 through 1950 (average 3873 grams, standard deviation 650 
grams). The average weight of the 12 infants born to the heavy “‘prediabetic”’ 
mothers was 4373 grams and exceeded the average infant weight in each of 
the other three series. However, the small number of infants born of mothers 
in our obese “prediabetic” group, as well as divergencies in the geographic or 
temporal circumstances surrounding the compilation of the data in the four 
series, prevent attempts at demonstration of a reliable difference in the infant 
weights. 

Among our ‘prediabetic’? mothers, markedly overweight subjects gave 
birth to infants weighing less than 4000 grams. On the other hand Mother 18 
was not overweight at the approximate age of 32 when she produced the 4050 
gram baby described in Table I. In Table I] it is indicated that at the ages of 
approximately 17, 19, and 21 she was delivered of her first three babies, 
weighing 3960, 4190, and 4640 grams; on these occasions her weight was not 
recorded. Thus, it is possible that unknown factors other than maternal obesity 
and multiparity are associated with the gestation of some large infants born 
to “prediabetic” subjects. 


Maternal carbohydrate metabolism during ‘prediabetic’ pregnancies: The 
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term “prediabetic’’ mother has been used in this study to signify a woman 
destined years later to develop diabetes mellitus but manifesting no disturbance 
of carbohydrate metabolism at the time of the pregnancy in question. In 
determining the presence of such a disturbance, one or more specimens of 
urine were tested with Benedict’s solution for the presence of sugar during 
the pregnancy. If the urine did not contain more than the ‘2+’ concentra- 
tion of reducing substance which is frequently encountered in apparently 
normal pregnant women and is ascribed either to lactosuria or to glycosuria 
resulting from a lowered renal threshold for glucose (7), the mothers listed in 
Table | were regarded as having no abnormality of carbohydrate metabolism. 
In nine of the pregnancies described in Table I the urine was examined for 
sugar only once during the course of the antepartum or immediately post- 
partum period; during 11 additional pregnancies the examination was made 
only twice. The fasting blood sugar was measured at least once in association 
with 20 of the 46 pregnancies described in Table I. In no instance did it dem- 
onstrate the presence of diabetes mellitus. In association with none of the 
pregnancies described in Table | was an effort made to demonstrate milder 
degrees of impairment of carbohydrate metabolism, employing a glucose 
tolerance test. As already stated, information on the status of the carbohy- 
drate metabolism of some of the mothers described in Table II is even less 
complete than that presented in Table I. 

Two pregnancies producing infants weighing over 4000 grams were excluded 
from our series because an oral glucose tolerance test performed postpartum 
revealed an elevation of the two hour blood sugar level. Urinalyses had re- 
vealed no glycosuria during the pregnancies. This finding suggests that some 
of the mothers included in our “prediabetic” group might have been demon- 
strated to manifest a similar abnormality of carbohydrate metabolism at the 
time of the pregnancies described had they too been subjected to a glucose 
tolerance test There have been several reports (8, 9, 10, 11) of impaired 
tolerance for glucose in clinically nondiabetic mothers who bore large infants; 
many such subjects had manifested no striking glycosuria. 

DISCUSSION 

Our data on 98 infants are in accord with the reports of others that unusually 
heavy infants are born to ‘prediabetic’? women. We have insufficient informa- 
tion to demonstrate conclusively whether a majority, or alternatively, only a 
relatively small proportion of infants of “‘prediabetic’’ mothers manifests 
this trend toward excessive size; the first possibility seems the more likely. 

The average length of the heavy infants born to the ‘‘prediabetic’’ mothers 


in our series was in excess of that reported for infants born to normal women. 


This finding indicates that the factors which cause the excessive weight of the 
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infants are accompanied by, or are identical with, factors which increase 
skeletal growth. 

Thirty-eight per cent of the 42 infants born to the white women in our 
present series weighed 4000 grams or more; the weights of 20 per cent of the 43 
infants in the colored group exceeded this figure. In the report by Kriss and 
Futcher (3), which was based on statements made by mothers years after their 
pregnancy, the equivalent figure was about 33%. The earlier report described 
a higher incidence of infants weighing over 5000 grams than was encountered 
in our current series. 

The birth of large infants to the ‘“‘prediabetic’’ mothers in our series was 
accompanied by the frequent, but by no means constant, presence of at least 
two maternal characteristics reported to be associated with an elevation of 
the weight of infants born to normal mothers. These characteristics are obesity 
and a history of bearing several previous children. In addition to emphasizing 
that these factors are not constant prerequisites for the birth of a large baby 
toa prediabetic’, we have commented above on suggestive, but not conclusive 
evidence that the birth weight of infants born to our obese “prediabetic”’ 
mothers exceeds that of infants born to obese mothers not known subsequently 
to have developed diabetes. These considerations raise the possibility that 
there are additional factors, either genetic (10), or related to strictly maternal 
influences, leading to the gestation of a large infant. Of possible additional 
maternal characteristics associated with the production of large babies, the 
minimal impairment of carbohydrate metabolism demonstrated by glucose 
tolerance tests, which we have already referred to, merits further study. It is 
unknown as yet whether this impairment is frequently a precursor of clinical 
diabetes. It is also uncertain whether the minimal impairment of carbohydrate 
metabolism which apparently exists in some mothers of large infants is a 
direct cause of the overgrowth of the fetus. That it is not is suggested by the 
observation that rats rendered hyperglycemic with alloxan have been reported 
not to produce abnormally heavy offspring (12, 13). 


SUMMARY AND CONCLUSIONS 


Data from hospital records have been presented on 98 pregnancies in 46 
“prediabetic” mothers who were first recognized as manifesting diabetes 
mellitus two or more years after the pregnancy. 

The mean weight of the 98 infants was significantly greater than that of a 
group of control infants. 

The mean length of infants born to these mothers was significantly greater 
than the average for normal infants. 


The mean length of heavy infants born to ‘“‘prediabetic’’ mothers exceeded 
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that of infants not selected for heaviness who were born to mothers not known 
to be “prediabetic”. 

Prolongation of the period of gestation was not a requirement for the de- 
velopment of a heavy infant. 

Obesity and relatively high parity were frequent, but not constant, char- 
acteristics of the mothers of heavy infants. 
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The etiology of sarcoid lesions is obscure and the nonspecificity of this 
type of reaction is well recognized. The purpose of this paper is to present 
the clinical data regarding a patient in whom sarcoid-like lesions were induced 
by the injection of intradermal tuberculin. 


The patient was a 49 year old white housewife who was admitted to Vanderbilt Uni 
versity Hospital August 18, 1952 for observation and study of skin lesions of a rather unusual 
nature which had been present and progressively spreading since December 1951. 

She had been in good health until April 1951 when she developed right deltoid bursitis 
Cortisone was administered over a two months’ period and the bursitis gradually subsided 
In December 1951 she first noted roughness and cracking of the skin of the pinna of the left 
ear and behind this ear. Shortly thereafter she noted the spread of papular lesions in a 
scattered fashion over the face, neck and upper back, chest and arms. These papules gradu- 
ally became more numerous. 

In February, 1952 left deltoid bursitis occurred and after she received cortisone for six 
weeks, it subsided. The skin lesions seemed to be unaffected by this treatment, and more 
papules continued to appear. 

On July 22, 1952 a biopsy specimen of a lesion on her back was excised, Figure 1. At the 
same time old tuberculin, .001 mgm., was injected into the skin of the left forearm. Forty- 
eight hours later there was a marked positive reaction which remained red and did not fade. 

On August 18, 1952 when she was first seen at Vanderbilt University Hospital, the only 
abnormal physical findings were limited to her skin. Scattered over her face, neck and the 
upper part of her back, arms and chest were numerous well circumscribed papules varying 
from pin point and millet size to about five millimeters in diameter. Many were so close 
together as to become confluent, especially on the face, where the features were coarsened 
by the lesions, and on the neck. As the smaller lesions grew under observation they became 
umbilicated with a dark though not ulcerated center, Figure 2. The distribution of these 
papules was of interest in that they seemed to be most prevalent in areas of skin frequently 
exposed to light although there were a few more widely scattered over less exposed parts 
of the body. It was further observed that numerous shiny millet sized papules were closely 
crowded together in a well demarcated area about 2 centimeters in diameter at the site of 
the tuberculin injection on the flexor surface of the left forearm, Figure 3. Biopsy specimens 
were excised to include lesions on the back, Figure 4, and at the site of the tuberculin in- 
jection, Figure 5 

Her entire physical examination except for the skin was normal. X-ray examinations of 


the chest and of the bones of the right hand were normal. Urinalysis and hematologic find- 
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Fic. 1. Biopsy of Original Skin Lesions. The epithelium is unaltered. Nodular accumula- 
tions of histiocytic cells are seen in the corium. Fragmented, eosinophilic collagen indicated 


by the arrow. One giant cell is present. 


ings were normal. The total serum protein and albumin-globulin ratio were normal, as were 
blood sugar, non-protein nitrogen, cholesterol, and uric acid determinations. The serological 
test for syphilis was negative. 

She was discharged on August 23, 1952 without treatment or change in the skin lesions, 
except that there had been some slight spread. She had no fever. 

On September 10, 1952 a successful effort was made to reproduce the sarcoid-like lesions 
by again injecting O.T., .001 mgm., intradermally. The tuberculin reaction was positive, 
and by October 17, 1952, sarcoid-like lesions were plainly visible in the area of the positive 
reaction. No biopsy was taken. 

It was thought quite possible that this sarcoid type of reaction was non-specific in nature, 
so the following procedures were carried out in an effort to reproduce them without tu- 
berculin: 

1) She was vaccinated against smallpox (for the first time) with the production of vac- 
cinia. 

2) Triple typhoid organisms were injected intradermally, 0.1 cc. This resulted in the 
production of a small ulcer which healed satisfactorily. 

3) Histoplasmin 1/100, 0.1 cc., and blastomycin 1/100,000, 0.1 cc., were injected in- 
tradermally with no reaction. 
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Va 
Fic. 2. Papular lesions scattered over the back within some of which dark umbilicated 


nters are present. 











[Fic. 3. Cluster of small nodules in well demarcated area at site of old tuberculin reaction 


n left forearm 
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Fic. 4. Biopsy of lesion from back. Focal nodular accumulations of histiocytes throug! 
out corium with some lymphocytic cells 


+) A Schick test was negative 

5) Beef broth, scrapings of her normal skin and scrapings of one of the papules were 
scarified into normal areas of her skin. 

6) Old tuberculin .0005 mgm. was injected intradermally with the production of a 
positive reaction. 

7) Normal saline was injected intradermally. 

None of these procedures was followed by the appearance of sarcoid-like lesions 

\s a clinical investigative procedure with possible therapeutic implications, desensitiza- 
tion to old tuberculin consisting of the intradermal injection of increasing strengths, .000001 
mgm. to .01 mgm., from September 20, 1952 to March 30, 1953 was undertaken. Previously, 
Irgang (1) had carried out such a procedure in the management of sarcoidosis in a patient 
with lung and skin involvement with concomitant clinical remission. Table I demonstrates 
that the skin became progressively less reactive to tuberculin, and that by October 24, 
1952 the lesions were beginning to atrophy, especially on the face. By February 23, 1953 
no lesions were present. All that remained were numerous areas of depigmentation where 
the papules had been. The patient has since remained well without recurrence of the lesions, 
Figures 6 and 7. 


COMMENT 
The over-all similarity of the lesions in the original biopsy, Figure 1, and the 
biopsies from the back, Figure 4, and from the site of the tuberculin injection, 
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Fic. 5. Biopsy from site of tuberculin injection. Note close similarity to lesions in Figures 
1 and 4. Tubercle-like formations in the corium with a goodly number of typical Langhans 
giant cells. No necrosis is evident. 


Figure 5, is striking. In each there are nodular accumulations of histiocytic 
cells with a variable number of giant cells of the Langhans type. These tubercles 
are confined to the corium in each instance with no change in either the over- 
lying epithelium or subcutaneous fat. In the original biopsy there is an area 
of fragmentation of collagen, arrow Figure 1, with a surrounding zone of 
histiocytic cells. This break-down of collagen possibly may represent the 
stimulus leading to the formation of the granulomas so evident elsewhere in 
this section and in the other biopsies from this patient. ‘‘Fibrinoid’”’ necrosis 
of a similar character has been described by Ricker in sarcoidosis (2) and he 
pointed out the fibrillar, intensely eosinophilic central areas occurring in 
individual granulomas with an absence of nuclear debris. Until the present 
time this patient has exhibited no clinical or laboratory evidence of the so- 
called diffuse collagen diseases. 

It is well to reemphasize the non-specificity of the microscopic lesions under 
discussion. Similar focal granulomas occur in tuberculosis, sarcoidosis, fungus 
infections, talc granulomas, beryllosis and a whole host of other conditions. 
The exact diagnosis of such lesions depends on the identification of the specific 

































The Decreasing Sensitivity of 


DATE 0 STRENGTH 
9/20/52 000001 
9/23/52 000004 
9/29/52 00001 
10/10/52 QOO0O2 
10/24/52 00001 
11/13/52 0001 
11/21/52 0001 
11/28/52 0001 
12/4/52 0001 
12/11/52 0001 
12/17/52 0001 
1/12/53 QO01 
1/20/53 QOO1 
1/26/53 0001 
2/2/53 O01 
2/9/53 O01 
2/16/53 001 
2/23/53 001 
3/2/53 01 
3/7/53 01 
3/16/53 01 
3/23/53 1 
3/30/53 01 


Fic. 6. 
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TABLE I 
the Skin to Old Tuberculin and the Progressive Healing of the S 
tre Demonstrated 
REACTION REMARKS 


skin lesions on face improving 


face greatly improved 


visible 


in general clearing. F: 


lear. Back clearing 


Lesions gone 


Visible 





The lesions have healed leaving scattered areas of depigmentatiot 
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OF SARCOID-LIKE FUBERCULIN 


Fic. 7. The nodules at the site of the old tuberculin reaction have disappeared 


agent eliciting the reaction. Thus, in a given case, identification of the tubercle 
bacillus or a fungus, either by histological techniques or culture, demonstration 
of doubly refractile silicate crystals or of another foreign body, will enable 
one to determine the etiologic agent. Numerous studies, including staining of 
tissue for acid-fast bacilli, with a special search for Hansen’s bacillus, injection 
of fresh material into guinea pigs, cultures on both regular and acid-dextrose 
agar media, and examination of sections for doubly refractile material 
were carried out in the present case without demonstration of a causative 
agent. 

We have designated the lesions encountered in this case as sarcoid-like, even 
though the term is recognized to be redundant and quite non-specific. No 
“asteroids” or Schaumann bodies were demonstrable in the giant cells; how- 
ever, these occur in relatively few cases exhibiting a sarcoid reaction and 
their specificity is certainly in doubt (2). 


DISCUSSION 


In so far as we have been able to determine, sarcoid-like lesions have not 
been previously observed at the site of positive old tuberculin reactions. 

Sabin (3) has studied experimentally the tissue reaction to different com- 
ponents of the tubercle bacillus. She described the aggregation of monocytes 
in normal guinea pigs and the formation of “tubercles of epithelioid cells” 
in tuberculous guinea pigs following the injection of solutions of tuberculo- 
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proteins. However, as Rich (4) points out her illustrations reveal what is more Ll 
likely a reaction to necrotic fat rather than a specific reaction to proteins de- 
rived from the tubercle bacillus. Stewart and Rhoads (5) studied the histology - i 
of the tuberculin reaction in tuberculous guinea pigs. They described the 
formation of giant cells which they considered entirely non-specific and most 8. W 


likely a reaction to necrotic fat. The lesions illustrated in their paper and 
those in Sabin’s paper have no more than superficial resemblance to the discrete 
granulomas in the corium encountered in our patient. 

It is of some interest that Lemming (6) was able to produce a typical cutane- 
ous sarcoid lesion by the intradermal injection of BCG vaccine in a patient 
with sarcoidosis. Mantoux tests in this patient were negative in all dilutions 
Moreover, Warfvinge (7) carried out an interesting, if somewhat hazardous, 
experiment on a patient with both sarcoidosis and advanced pulmonary tu 
berculosis in whom Mantoux tests were negative in all strengths. He obtained 
virulent tubercle bacilli from the sputum of this patient and injected a suspen 
sion of these organisms into the patient’s skin. A typical sarcoid lesion de- 
veloped. 

Most patients with sarcoidosis do not exhibit a positive tuberculin reaction 
This was most dramatically demonstrated by Woods (8) who exposed patients 
with ocular sarcoidosis to large quantities of intradermal tuberculin and ob 
served neither local nor ocular reactions. 

We are not able to explain the phenomenon which we have herewith pre- 
sented. The very fact that it is inexplicable and seems to be unique has 
prompted us to report it. 

SUMMARY 

The case of a white female with skin lesions of a typically sarcoid-like nature 
is presented. In this patient similar lesions developed at the site of a positive 
old tuberculin reaction. Desensitization to old tuberculin was carried out with 
concomitant subsidence of all skin lesions. 
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\lthough the vasculature of the retina has been extensively investigated ] 
over a period of many decades (1-13), a search of the literature for complete of 
peripheral blood vascular patterns—for comparison with those elsewhere in 
the body-—was largely unsuccessful. The character of such patterns was a 
matter of particular interest, as a supplement to earlier 7m vivo studies of vascu 
lar beds in amphibia and mammals by others (14-16) and in this laboratory 
(17, 18). The retinal vessels have as yet proved inaccessible to in vivo observa 
tions at suitably high magnifications for present purposes. However, Irieden 
wald (11) has recently achieved remarkably complete demonstrations of th 
retinal vasculature in man with a modification of the periodic acid method as 
refined by Hotchkiss (19) and McManus (20, 21). The technic was applied to 
unsectioned, flat preparations of the whole thickness of the retina, and Frieden 


wald comments as follows: 


“What is particularly striking in the retina is the fact that the endothelium of the wh 
vascular tree, arteries, capillaries, and veins, is surrounded by a brilliantly stained basi 
ment membrane The basement membrane is continuous with the internal elastic lamella 
of the arteries. In arterioles lacking the elastic lamella, the basement membrane is pron 
nently visible and appears to surround individual muscle fibers. In the capillaries 
thinner than in the arterioles but still brilliantly visible. In the venules it is thicker than 
the capillaries, but usually less thick than in arterioles of equal size.”’ (11, p. 488) Except 
for the terminal segments of the rods and cones, the retinal parenchyma normally contains 


no other structures that stain with this technic 


’riedenwald includes in his report a brief description and four photomicro- 
graphs of vascular patterns in various portions of the normal adult retina; 
and notes that in infants up to two years of age the “‘vascular basement mem- 
brane is much thinner and less easily seen than in adults.” He then goes on 
to a detailed description of the vascular changes, as revealed by the periodi 
acid method, in the retinitis of diabetes and malignant hypertension. 

It is the normal adult retina which concerns us here; and Dr. Friedenwald 
has generously made available for study a beautiful preparation in which, 90 


far as one can tell, the demonstration of the vascular beds is with few excep- 


* I am deeply indebted to Dr. Jonas S. Friedenwald, who generously provided the ma 
terial for this study; to Drs. I. C. Michaelson and A. Colin P. Campbell, for their kit 
permission to reproduce figure 1; to Dr. Allan L. Grafflin, under whose guidance the study 
was accomplished; to Miss Mary E. McCarthy, for the painstaking care with which sh 
completed the drawings; and to Mr. James F. Didusch for his advice and counsel 7 
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tions entirely complete.* Advantage has been taken of the opportunity thus 
presented to characterize, in a series of camera lucida drawings, selected pat 
terns in different regions of the retina. Any extended description of the or- 
vanization and architecture of the retinal vasculature would be beyond the 
scope of this brief report; and, furthermore, is rendered unnecessary by the 
wealth of information given in the splendid study of Michaelson and Campbell 
7). Their figure 21, reproduced here as figure 1, illustrates the general plan 


of vascularization, particularly with respect to the varying degrees of com 











a bd 

biG \ flat projection of the right retina, as illustrated by Michaelson and Campbell 
7, their Fig. 21, p. 82; redrawn and slightly modified; reproduced by permission of the 
ithors). X, nerve head; F, fovea; a, peripheral avascular zone; b, extent of single capillary 
c, extent of double capillary net; d, extent of triple capillary net; e, extent of radial 


eripapillary capillary net 


plexity of the capillary nets; and will serve as a reference diagram for the 


present series of drawings. 


In figures 2-11, as a matter of convention, all obviously arterial and arteriolar channels 
have been drawn with double contours and stippled; presumptive “‘true capillaries” have 
een represented by single-thickness lines; and all obviously venular and venous channels 
have been represented by solid lines of greater thickness. In figure 3, the portion of the 


terio-venous communication in which the probable direction of flow is indeterminate has 


“Eve pathology #8709, Autopsy #19881 (April 10, 1946), The Johns Hopkins Hos 
pital. White female, 48 yrs. Mesenteric thrombosis; resection of gangrenous small bowel, 
ith secondary closure on 7th postoperative day, followed by pneumonia; death on 16th 


postoperative day. Retina, choroid, sclera and optic nerve normal as studied in sections 
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s-hatched. The varying thickness of the arterial and venous channels, as shown in 
figures, is essentially proportional to their relative calibers in the original preparation 


he convention of single-thickness lines for capillaries inevitably suppresses variations in 








Fic. 4. Vascular pattern from region of single capillary net (zone ‘“b”, Fig. 1). Field 
17-9, R-5. 55%. 

Fic. 5. Solitary capillary in area bounded by larger vessels, from region of single capil 
lary net (zone “b”’, Fig. 1). Field 16-8, S-2. 55x. 

Fic. 6. Vascular pattern from region of double capillary net (zone “c”, Fig. 1). Field 
15-8, 0-6. 55x. 


their caliber, and in addition makes them appear—in many instances, at least—of dispro 
portionately small caliber as compared with channels of other types 

lhe accompanying figures are largely self-explanatory. The region of single 
capillary net, to use Michaelson and Campbell’s (7) terminology, exhibits 








uw 
bo 


ELLEN G. CORDDRY 





Fic. 7. Vascular pattern from zone of transition between region of single capillary net 


zone “b’’, Fig. 1) and region of double capillary net (zone ‘‘c’”’). Field 17-2, Q 5. 55X 


innumerable examples of patterns more or less equivalent to that illustrated in 
figure 2. The otherwise similar pattern in figure 3 includes the only instance 
thus far encountered of an apparently unequivocal arterio-venous communica- 
tion which, though of small caliber, was sufficiently larger in average diameter 


(c. 104) than the neighboring presumptive “‘true capillaries” (c. 6y) to attract 
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Fic. 8. Superficial vascular pattern from region of triple capillary net (zone ‘‘d’ 
Field 8-8, J-5 110. 
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Fic. 9. Vascular pattern at the deepest focus in the same field, with 
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attention to itself. Francois (13) notes, in agreement with other observers, 


that “the retinal circulation in man is truly terminal. ..; at the periphery, as 
at any other area of the retina, no direct communication between an arteriole 
and a venule may be seen; the junction is effected only through the capillary 





Fic. 10. Partial analysis of triple capillary net, including vessels at all levels, in the field 
illustrated at its superficial and deepest planes of focus in figures 8 and 9 respectively. 165X. 


network.”” Certainly, no undue emphasis should be placed upon the solitary 
exception recorded in figure 3; the finding is unique, and documentation is 
admittedly inadequate. 

Figures 4-6 inclusive require no further comment. Figure 7 affords a striking 
display of the interdigitation of arterial and venous channels. In the upper leit 
quadrant, two of the capillaries are represented by interrupted lisne, to indi- 
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165% . 11, Detail figures from the vascular pattern illustrated in figure 10. See text. 165 X. 
vy. 109X. 


asia cate that their delineation by the method employed was to a variable extent 
solite ‘ : : , 
dead shadowy and incomplete. However, there appeared to be no doubt of the pres- 
ation 1s ; a EE hn ; 

ence, course and connections of the capillaries in question. Figures 8 and 9 are 


triking lairly representative of the patterns encountered, respectively, at the super- 
SUI KINS - a : . , F ‘ . : 
elt iicial and deepest planes of focus—in the same field—in the region of triple 
yper le ; ae ‘tar sas 
. “adi capillary net. The complexity of the net itself is illustrated in figure 10, which 
oO indk : 
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includes only a part of the field shown in figures 8 and 9, and to some extent 
exceeds their limits. The anatomical arrangements are such that, as is clearly 
ts blood 
supply from any one or more of numerous arterioles. Figures 11B and 11€ 


evident in figure 11A, any portion of the capillary net could receive 


show, in two instances, the multiple routes by which an erythrocyte could 
find its way from a given arteriole to a given vein. No attempt has been made 
to illustrate the at times inordinately complex vascular patterns in the region 
of the radial peripapillary capillary net (see Fig. 1). 

The objectives of this study have been specific and limited. For present 
purposes, more exact knowledge of the character and architecture of selected 
vascular patterns, in several different portions of the retina, has proved useful; 
and the findings are reported in the belief that they may prove of interest to 
others. A discussion of the extensive literature upon the retinal vessels would 
be out of place; the more important information on the subject may be found 
in the articles listed below. 


SUMMARY 


The character and architecture of selected vascular patterns, as demon- 
strated in their entirety by the periodic acid method in an unsectioned, flat 
preparation of the whole thickness of the normal human retina, are illustrated 
in a series of camera lucida drawings. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE JOHNS 
HOPKINS MEDICAL SOCIETY 


DECEMBER 14, 1953 


THE EFFECTS OF L-TRIIODOTHYRONINE AND L-THYROXINE ON THE ME. 
TABOLISM OF TISSUES IN VITRO 


Joun G. WisweE_t, KENNETH L. ZreERLER, Mary B. FASANO AND SAMUEL P 
ASPER, JR 


Chis paper was published in its entirety in the February 1954 issue of the Bulletin of the 


Johns Hopkins Hospital 


ACTIVE IMMUNIZATION AGAINST TETANUS: SERUM ANTITOXIN LEVELS AND 
RESPONSE TO BOOSTER DOSES OF TOXOID 5-11 YEARS AFTER BASIC IM. 
MUNIZATION 


Tuomas B. TurRNER, EpWArpD S. STAFFORD AND LEON GOLDMAN 


Serum antitoxin determinations were made on 145 adults previously immunized with 
tetanus toxoid while in the armed services. Of these, 72 had received no immunizing injection 
of tetanus toxoid for 5-11 vears, while 73 had received such injections more recently 

(Among the former group serum antitoxin levels were as follows: less than 0.01 units per 
ml., 6; 0.01 units, 21; 0.1 units, 34; 1.0 units or greater, 11. Among those with more recent 
booster doses levels were as follows: less than 0.01 units, 3; 0.01 units, 6; 0.1 units, 19; 1.0 
units or greater, 45. 

Upon administration of a stimulating dose of 0.5 ml. fluid tetanus toxoid, of 48 members 
of the former group tested + days later, approximately one-third showed significant rises in 
serum antitoxin titer; and all of 54 tested on the 7th day showed from 10-fold to 1000-fold 
rises in titer. Among those with more recent immunizing doses, the response to booster in 
jection followed the same pattern 

\fter a review of the pertinent data on antitoxin levels following passive immunization, a 
consideration of the toxicity of tetanus antitoxin administered in horse serum, the rarity of 
clinical tetanus in previously immunized persons, and the results obtained in this study, it is 
recommended that in civilian medical practice toxoid alone be administered to injured 
veterans who have had active service during or subsequent to World War IL. The same 
practice in other individuals, both children and adults, is probably safe when there is a 
reliable history of previous active tetanus immunization. 

Once basic tetanus immunization has been established, stimulating doses at 5-vear inter 
vals are recommended, although the evidence suggests that booster doses even at 10-year 


intervals would provide satisfactory antitoxin levels in the great majority of persons. 


CRYSTAL COLLAGEN RELATIONSHIPS IN BONE AS OBSERVED IN THE ELEC- 
TRON MICROSCOPE: CRYSTAL AND COLLAGEN MORPHOLOGY AS A 
FUNCTION OF AGE 


ROBERT A. ROBINSON 


Electron microscope observations of sections of bone from the outer cortex of humat! 
rib from subjects of different ages have been made, and progressive changes with age 
crystal and collagen morphology noted. With increasing age, the collagen fibers increase 
in diameter from a minimum ranging from 150A to 400A to a maximum of about 1500A 
Some of the infant collagen has a fine-scale banding of 1-200A which is displaced in the 


older subjects to leave a doublet banding recurring every 640A 
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[he bond crystals increase in size from an unresolvable particle of less than 50A in the 
infant to crystals 1500A by 500A by about 100A in the senile subject. Much of the infant 
inorganic matrix may be non-crystalline. 

The influence of the organic matrix on hydration, crystal turnover, initial lattice depo 
sition, and crystal size was considered. The presentation was illustrated by 15 electron 
micrograpns. 

[The majority of the work was carried out in collaboration with Dr. Michell L. Watson, 
Department of Radiation Biology, The University of Rochester School of Medicine and 
Dentistry, Rochester 20, New York. 


JANUARY 11, 1954 


THE FAMILIAL OCCURRENCE OF HYPERTENSION AND CORONARY ARTERY 
DISEASE WITH OBSERVATIONS CONCERNING OBESITY AND DIABETES 


CAROLINE B. THOMAS AND BERNICE H. COHEN 


The prevalence of the four disorders under consideration has been ascertained in the 
families of 266 Johns Hopkins medical students. At a mean age of 55, 12.0% of parents had 
hypertension and 4.5% had coronary artery disease. A total of 16% of parents had hyper 
tension and /or coronary artery disease, whereas 30.8% of grandparents were known to be 
similarly affected. The incidence of hypertension tended to be slightly higher among females 
than among males in comparable groups. Coronary artery disease occurred more often 
among males than among females; this difference was more pronounced in the parents’ 
generation. Of the parents, 12.2% were obese, while 9.4% of the grandparents were similarly 
affected. Diabetes was the least prevalent disorder, affecting 2.4% of the parents and 4.2% 
of the grandparents. The incidence rates of these disorders among the parental siblings were 
similar to the corresponding rates for parents but were slightly lower, for reasons discussed 

It was found that combinations of two or more disorders affecting the same individual 
occurred more frequently among both parents and grandparents than might be expected 
by chance alone. The degrees of association were particularly high between hypertension 
and coronary artery disease and between hypertension and obesity. Even when corrected 
for age, these associations were statistically highly significant. 

\ study of the incidence of the four disorders in siblings of affected and of non-affected 
parents showed that hypertension, coronary artery disease, and obesity were all three or 
four times as frequent among the siblings of parents affected by the index disorder as among 
the siblings of unaffected parents. Diabetes was eight times as common among the siblings 
of diabetic persons as among the siblings of non-diabetic persons. 

The prevalence of the various disorders has been analyzed among the offspring (parents 
and their siblings) of three types of mating in the grandparents’ generation. In general, 
there was a distinct gradation in the prevalence of each disorder among the offspring ac- 
cording to whether both, one or neither of their parents were affected by that disorder, 
Types I, II and III respectively) the highest incidence always occurring among offspring 
of Type I matings and the lowest among offspring of Type III matings. 


CARDIOVASCULAR AND GENETIC STUDIES OF MARFAN’S SYNDROME, AN 
HERITABLE DISORDER OF CONNECTIVE TISSUE 
Victor A. McKusick 
The cardinal manifestations in the eye, skeletal system, and cardiovascular system are 
reviewed. By specific case presentations the inborn weakness of the aortic media leading 
to diffuse dilatation of the ascending aorta, to dissecting aneurysm, or to a combination of 
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these two complications is demonstrated. This is not in the true sense “congenital heart 
disease” or a “malformation” but is more comparable to the abiotrophies. A « ising 
clinical picture—pronounced aortic regurgitation without roentgenologic evidence of aortic 


dilatation, Austin Flint murmur, prominence of pulmonary conus and pulmonary artery 
as result of displacement by the dilated base of the aorta—may result from the fact that 
it is the aortic ring and intrapericardial portion of the aorta, as well as the aortic cusps 
themselves, which are likely first to undergo stretching. By examination of cases of ectopia 
lentis and families of such cases three patients apparently at the inception of the aortic 
dilatation have been discovered. In the early stages **A2”’ may have a ringing quality remi- 
niscent of syphilitic aortitis. Aortic dilatation may begin in the fifth vear or in the fifth 
decade 

The Medical Examiner provides leads on cases of this syndrome. Investigation of persons 
dying of dissecting aneurysm, particularly those in the younger age groups, has revealed 
a number of families with the taint of Marfan’s syndrome. Occasionally dissecting aneurysm 
occurs in an individual who previously had dilatation of the ascending aorta 

rhe same histologic changes occur in the media of the pulmonary artery and may be 
responsible for aneurysm of the pulmonary artery, so-called ‘‘congenital idiopathic dilatation 
of the pulmonary artery’’, or dissecting aneurysm of the pulmonary artery 

Valve changes occur in this disorder and may be the substrate for bacterial endocarditis 
Inter-atrial septal defect, although not of as frequent occurrence as previously believed, 
occasionally dominates the clinical picture. No case of ventricular septal defect in Mar 
fan’s syndrome has been proven in the literature; the same is true in this series. One patient 
with tetralogy of Fallot had hemivertebra and suggestive dolichostenomelia (‘‘long-thin- 
extremities’) but no ectopia lentis. In cases without ectopia lentis or evidence of unequivocal 
Marfan’s syndrome in siblings, children, or parents, it may be very difficult to be completely 
certain about the diagnosis of Marfan’s syndrome 

The two general types of chest deformity—pigeon breast and pectus excavatum—ar 
both the result of excessive longitudinal growth of the ribs. If one studies in detail all cases 
of pectus excavatum and the relatives of such cases, conclusive stigmata of Marfan’s syn- 
drome are detected in a significant number. The pectus excavatum may be extremely severe 


and represent another mechanism by which cardiac symptoms may occur in these patients 





By drawing on the several specialists who are likely to deal with these patients, including 
the Medical Examiner, fifty families in which at least one bona fide instance of Marfan’s 
syndrome has occurred have been assembled for study. Thus far there have been identified 
in these families 103 definite and 34 equivocal cases. Study of all cases of spontaneous sub 
luxation of the lenses reveals evidence of Marfan’s syndrome in approximately 70%. (At 
least two other genetically distinct types of hereditary ectopia lentis occur.) Fifteen cases 


of Marfan’s syndrome in three generations in one family, eight cases in three generations 


in another have been observed. There is acceptable evidence of the disease having occurred 
in Six successive generations in one family and in four generations in a second 

There is no particular sex or ethnic incidence of this disease. However, the aortic com 
plications appear to be definitely more common in males, occurring in 19 males and 5 females 
in this series. Thirty of the fifty families have been studied in fairly complete detail. All th 
data are consistent with the view that this syndrome is the result of a single mutant gent 
and that it is inherited as an autosomal dominant. Expressivity (degree of severity) showe 
a broad range. One case showed minor deviations (myopia, asthenic habitus) but would 
have escaped recognition if it were not for the fact that she bore three affected children by 
} 


DV 


one husband and one by a second (‘‘serial polygamy’’). As illustrated a 


least partially 


such cases penetrance is probably complete in this syndrome and any apparent incomplet« 
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ness is due only to ignorance of the basic connective tissue defect and of tests for same 
\ppare! ibmersion of the characteristic skeletal changes was observed when this mutation 
occurred in pyknic stock. Comparison of the patient with the rest of the family assisted 


1 the elucidation of such cases 

It has been stated that as many as 70% of these cases are sporadic, i.e., are the result 
presumably of gene mutation during parental gametogenesis. The thirty families which have 
heen studied in fair detail contain 83 definite cases. Of these 71 are classifiable in this re 
gard: only 11 (17%) are sporadic and 60 (83%) inherited. The percentage of so-called 
sporadic cases is inversely related to the care with which the families are studied 

From the fact that a single mutant gene is responsible for this syndrome and from what 
s known about gene action, it follows that the clinical picture is the expression of a unitary 
defect of basic biochemical process, associated, it would seem, with some element of con 
nective tissue. The histology of the aortic lesion suggests that the biochemical abnormality 
may be related to the elastic fiber. The basis for dolichostenomelia might be sought in the 
periosteum. The occasional occurrence in this syndrome of some congenital malformations 
of the conventional type—in the skeletal system, spina bifida occulta and hemivertebra; 
n the cardiovascular system, patent inter-atrial septum and at least mild coarctation; in 
the eye, microphakia and coloboma of the lens—is difficult to reconcile with a generalized 
defect of one connective tissue element, unless one assumes that the presence of said defect 
during embryogenesis produces an abnormal setting in which these particular anomalies 
occur with increased frequency 

Che group of heritable disorders of connective tissue, at least five or six separate entities, 


sa profitable area for further study 


TREATMENT OF ABDOMINAL AORTIC ANEURYSM BY EXCISION AND REPLACE- 
MENT BY HOMOGRAFT 


Henry T. BAHNSON 


[Improvements in technics of vascular surgery and particularly in the use of arterial 
homografts have made possible the excision of aortic aneurysms and reconstruction of the 
aorta by homograft. As reported at this meeting a year ago, syphilitic aneurysms in almost 
any portion of the aorta can be excised and the aorta reconstructed from the tissue about 
the mouth of the aneurysm. Experiences with these more critically ill patients suggested 
an attack upon arteriosclerotic aneurysms which occur in older patients who are less severely 
incapacitated. Arteriosclerotic aneurysms, which almost invariably occur below the renal 
arteries, are increasing in incidence while syphilitic aneurysms are decreasing 

Results in the first 14 patients with abdominal aortic aneurysm are presented. All of 
these were treated by excision of the terminal aorta and replacement by homograft. One 
patient died shortly after operation of uremic convulsions. He had been operated upon 
because of a ruptured aneurysm, due to both syphilis and arteriosclerosis, which involved 
the region of the renal arteries and in whom the renal bloodflow had been occluded for 110 
minutes. Two patients have died later from myocardial failure and coronary artery diseas« 
lhe only significant complication in these patients has been ischemic necrosis of portions 
of the lower extremities in three patients, two of these being those who died later of coronary 
artery disease. It is thought that in all three instances thrombus, which formed in the distal 
liac artery during occlusion, was probably dislodged into the distal circulation. Proper use 
of heparin appears to prevent this complication. Eleven surviving patients remain in good 


health during the short period of observation which ranges from 1 to 11 months 
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BOOK REVIEWS 


These reviews represent the individual opinions of the reviewers and not 
necessarily those of the members of the Editorial Board of the Bulletin 


Operative Gynecology, 2nd edition. By RicHarp W. TE LinpE. 902 pp., $20.00. J. B. 
Lippincott Co., Philadelphia, Pa. 

This reviewer has derived a great deal of pleasure and profit from a critical perusal of this, 
the second edition of Doctor Te Linde’s text-book on Operative Gynecology. It consists of one 
volume of 902 pages with 409 illustrations, a few in color. The first edition proved eminently 
successful; the second holds even greater promise. 

First, as regards the mechanical and typographical features of the book, the publishers 
have done an excellent job. The printing is clear, the type is large enough for easy reading, 
the chapters and their headings and outlines are well presented and there are very few typo- 
graphical errors. Unfortunately, one or two of these errors occur in prominent places, as in 


‘ the legend for the large illustration on page 267. These errors are so few, however, that they 
. - . 
‘ would perhaps not be noted by the casual reader, and do not detract from the intrinsic value 


of the book. 

Practically all the illustrations were made expressly for this book. The book is well 
illustrated. Most of the illustrations are in pen and ink. They are anatomically clear and 
depict the pathological processes and operative procedures well. The photo-micrographs are 
uniformly excellent. 

In reviewing the subject matter of this excellent book, one must bear constantly in mind 
the fact that it is devoted primarily to the presentation of operative technique. However, if 
there were no clinical and pathological background, the book would be merely an anatomical 
atlas, which would make very dull reading and find only a limited usefulness. 

This author has therefore presented the basic clinical and pathological features of most 
of the subjects in gynecology. Many readers would wish that he had not been limited in space 
and that he could have mentioned some of the immortal and dramatic contributions of 
Ephraim McDowell, Lawson Tait, Thomas Emmett—to mention a few—men who laid 
the foundations of operative gynecology and opened the door for further study of clinical 
and scientific problems. These and many other similar subjects have to be omitted in such a 
book. For this, however, one cannot criticize the author, only praise him for having presented 
the scientific and clinical background as completely as he has. 
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[he subject matter is uniformly handled in a clear and sensible way. The subjects of early 
carcinoma of the cervix, endometriosis, and endometrial disorders are particularly well pre 
sented ibjects to which the author has made noteworthy personal contributions. The 
lescriptions of operations, their indications and applicabilities are clear and leave nothing to 
ye desire 


In summary, this is an excellent volume on operative gynecology. The subject matter is 
vell presented, the clinical reasoning is sound, the operative indications are tempered by 
experience and sound judgment and the operative directions and descriptions are clear and 
xplicit 
LAWRENCE R. WHARTON 


Experimentelle Histopathologie ein Einfiihrungskurs. By H. MEEsSEN. 153 pp., Kart 
DM 22.50. Georg Thieme Verlag, Stuttgart, Germany 

Since 1938, the author has conducted a laboratory course in experimental pathology for 
advanced students. Most of the assembled preparations were lost during the war, but a new 
set has been assembled post war. It is plain that the experiments outlined in the course were 
not actually performed as student experiments but that the students were presented with 
histological preparations for study. 

The book outlines over one hundred experiments with a brief note on the pathological 
findings and reference to leading articles in the literature on which the experiment is based 
[he experiments cover a wide range including vitamin deficiencies, tissue response to various 
mechanical and other physical injuries, inflammations and hypersensitivity reactions, effects 
of various poisons and hormones, induction of mutations and developmental defects, in 
duction and transmission of various tumors. The material presented in this volume plainly 
represents the skeleton of an interesting and instructive course. 

Jonas FRIEDENWALD 


Operative Surgery, 6th edition, Vols. | & Il. By Guy W. Horsey Anp Isaac A. BIGGER 
1579 pp., $30.00. The C. V. Mosby Co., St. Louis, Missouri. 

It is becoming increasingly difficult to write a book on operative surgery which is de 
tailed enough to be valuable and brief enough to be available for personal libraries. Operative 
Surgery is a successful attempt to accomplish this aim. The many facets of general surgery 
such as anesthesia, infection, shock, etc., and the surgical specialties are treated by specialists 
in the individual fields. Most of the chapters are nicely handled. Considerable apprehension 
arose in this reviewer’s mind on reading the second chapter entitled Surgical Drainage. The 
ntroduction of an unproven theory concerned with “reversal of the lymph circulation” to 
explain the mechanics of surgical drainage seems unnecessary among chapters surgically and 
scientifically sounder. Almost all subsequent chapters aid in dispelling this apprehension 
rhe various sections are adequately, although not profusely, illustrated and furnished with 
satisfactory references to original work. Inclusion of the 52 page index in the first volume as 
vell as the second would have been helpful. The work will be of help to any surgeon and 
particularly to those doing general surgery with only occasional excursions into the special 
ion 


HENRY T. BAHNSON 


The Surgery of Infancy and Childhood. Its Principals and Techniques. By Roserr | 
Gross. 1000 pp., $16.00. W. B. Saunders Co., Philadelphia, Pa. 


lo those who have used Abdominal Surgery o 


Infancy and Childhood as a vade mecum 
n pediatric surgery, the new, greatly expanded and revised work of Gross comes as a long 


awaited arrival. All aspects of children’s surgery are covered with descriptions of procedures 
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used at Children’s Hospital. Though the luxuriously large print and wide spaces of Ladd and 
Gross are gone, the present volume retains the easy informality of one describing his ex 
periences with a tremendous number of patients. Many of these experiences, such as that 
with 71 patients having meconium ileus, have never been previously reported. The 1488 


illustrations considerably enhance the value of the work. The volume is a classic and stands 
alone in its field. It should be available to most pediatricians and every surgeon, with the 
possible exception of those practicing exclusively in old folks homes. Even they will enjoy 
reading it 


HENRY T. BAHNson 


Die Bewegungsbestrahlung. By F. WACHSMANN AND G. BArtTH. 192 pp., Ganzleinen DM 
360. Georg Thieme Verlag, Stuttgart, Germany. 

rhis concise book, prepared through the collaboration of a medical physicist and a radi 
ation therapist, summarizes the principal methods of motion-therapy developed to date. All 
these methods are designed to deliver a higher tissue or tumor dose with sparing of th 
surrounding normal tissues and skin. The principle of motion-therapy is simply that th 
patient or the X-ray tube is moved so that, while the lesion being treated is always in the 
X-ray beam, the adjacent tissues are merely rotating through it. A given segment of normal 
tissue will be radiated only momentarily as it passes through the beam. Motion therapy is 
thus an expansion of the classical “‘cross-file’’ technique, but, instead of raising the skin toa 
high dose over relatively small parts, the therapist can raise a larger area of skin to a lower 
dose and still achieve a very high tumor dose in the depths. 

Che patient may be rotated, or the tube may be moved in an arc-like or spiral path 
around the patient. The authors stress the necessity for fluoroscopic control of the therapy 
beam in the first instance. Emphasis is placed on accurate tumor localization, for motior 
therapy is valueless and may be harmful, if the beam is not properly centered on the lesiot 

Probably the most difficult phase of motion-therapy is dosage determination, and it is 
this respect that the authors have made a real contribution to the practical use of th 
moving beam. Methods and charts are furnished for dosage estimation in each form of 


therapy. These have evidently been worked out carefully through the use « 


f phantoms and 
actual intra-cavitary measurements 


rhe data and information presented are sufficient to justify the designation of this book 


as a “Handbook of Motion-Therapy,” and it will be of use to all those interested in mort 
adequate irradiation of deep-seated malignancies. The results available are sketchy, to be 
sure, but the method has been in limited use only about ten vears. It seems likely that more 
centers in this country will find it necessary to install motion-therapy systems, especially as 
ve now begin to appreciate the limitations of super-voltage radiation. 
DANIEL J. TORRANCI 
Die Nahbestrahlung. By HENRI CHAOUL AND FELIX WACHSMANN. 225 pp., Ganzleinen 
DM 39. Georg Thieme Verlag, Stuttgart, Germany. 

Prepared through collaboration between a clinical radiation therapist (Chaoul) and 
medical physicist, this volume, though of small format, serves as a complete guide to the ust 
of contact or short-distance therapy. Henri Chaoul is responsible to a great extent for th 
development of this method (which is often designated ‘‘Chaoul’s technique’). The contact 
therapy apparatus emplovs 60 KV (low voltage) and a series of tubes of various shapes and 
sizes. The unique feature of these tubes lies in the situation of the anode at or near the treat- 
ment end of the tube. This means that the X-rays are generated close to the surface being 
treated, and the radiation output and exposure are correspondingly high. Because of the low 


voltage and the rapid fall-off of the radiation in the tissues, lesions in the depths or those more 
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than a I¢ centimeters from the irradiated surface cannot be brought to an adequate tumor 
lose. This, of course, confines the use of contact therapy to lesions of the skin, of the epithelial 
surfaces of the body cavities, or to deeper lesions where these can be mack superficial by 
laying back’’ the overlying tissues surgically. Employed in these ways, the method has a 
very important place in the therapy of malignant disease. Many “before and after” cases are 
llustrated. One is surprised at the high doses and the good results achieved in treating, for 
example, malignant melanoma. 

Physical factors, such as depth dose, fractionation and dose measurement are well covered 
n the first portion of the book. The last is devoted to clinical application of the method. 
Survival statistics are meagre, but individual examples are impressive. 

This treatise should be available to the radiation therapist who wishes to enlarge his 
irmamentarium in the battle against superficial cancer beyond the radium applicator and 
the conventional 15-50 cm. skin-target distance X-ray therapy. It is, however, in the re 
viewer's opinion, impossible to state that contact therapy will cure a lesion which cannot b 
cured by radium and conventional X-ray therapy. Contact therapy might be called a sub 
stitute for radium therapy, since the distribution of radiation in the tissues in the two is 
similar, but it can be only a complement to deep X-ray therapy. 


DANIEL J. TORRANCI 


Clinical Orthopaedics, No. 2. Edited by ANrHony F. DEPALMA. 247 pp., $6.00. J. B. Lippin 
cott Co., Philadelphia, Pa. 

Phis is the second volume in a proposed series on current orthopedic problems. Each 
volume covers one general topic thoroughly and in addition contains articles on other topics 
of interest. 

Intramedullary nailing is discussed in detail by a number of distinguished authors with 
vide experience in its use. Its indications, contraindications, techniques, and complications 
are well discussed. There is agreement on basic principles, but frequently healthy disagree 
ment and provocative discussion on more minor points. All the authors feel that it is a 
valuable procedure in properly selected cases, but they point out the numerous complica 
tions and even catastrophes that can occur, and give the reader the benefit of their accumu 
lated experiences. The use of the procedure in unusual circumstances, such as comminuted, 
infected, and pathological fractures, is well described. 

rhe isolated articles on general orthopedics in this volume are somewhat disappointing. 
rhe report showing excellent results from the Durham operation for flat feet is stimulating, 
but there is no place for rebuttal or discussion of such a controversial procedure 

rhis volume will be invaluable for the traumatic surgeon as well as the orthopedist. 
lhe series may well become a vital cog in keeping the orthopedic surgeon and allied specialists 
abreast of the times. 

J. T. H. JoHNson 


Gifford’s Textbook of Ophthalmology, 5th edition. By Francis Heep ADLER. 488 pp., 
$7.50. W. B. Saunders Co., Philadelphia, Pa. 


his standard text-book has been revised and rewritten most lucidly so as to meet more 


adequately the needs of the student and the general practitioner. Excellent sections on 
ocular motility and neurophthalmology have been added. The material on hypertensive and 
diabetic retinal vascular diseases has been amplified and brought up to date. Details of 


operative procedure have been wisely omitted in favor of indications for surgery. 


his edition should prove to be a most useful text for medical students as well as a help- 


ful practical manual for the general physician. 
BERNARD BECKER 
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Surgical Pathology. By LavurEN V. ACKERMAN. 836 pp., $14.50. The C. V. Mosby Co., St 
Louis, Missouri. 

Chere may be doubts that a new text-book of surgical pathology, without a new aim, was 

needed. While no one text-book will probably ever answer the needs of a surgical pathologist. 


would that Dr. Ackerman had tried to write it. This new book has the same scope of 
predecessors; it is for the medical student and practicing physician and surgeon. Because it 
must mention everything, the details of what you seek are usually all too brief. Neverth 
less, it is in my opinion the best general text-book on surgical pathology in our language. His 
style is simple, clear and pleasant. His approach is the broad healthy one of a general pathol 
ogist and he is never carried away by elaborate classification, worthless grading of tumors 
or useless arguments (his decision in 3 sentences that melanomata are of neurogenous origi 


is a welcome relief, right or wrong, 


rom the sometimes 3 pages). It is to our advantage that 
he elaborates upon subjects which have particularly interested him, although 13 pages or 
melanomata and 1!5 on all of muscle disease does not seem fair. His photographs are, for a 
text-book, superb both in selection and technical perfection. There are properly many of 
them and large ones, too. Dr. Cooper’s chapter on skin diseases is particularly excellent and 
concise in a usually verbose field. I was also especially delighted with Dr. Ackerman’s con 
servative and realistic attitude toward exfoliative cytology. All in all, this is a very excellent 
book, written by an experienced pathologist, employing a broad perspective, with ampl 
up-to-date references and beautiful illustrations. The publisher’s work is splendid and my 
major regret is that there was not a more complete expression of Dr. Ackerman’s vast ex- 
perience. 


MorGan BERTHRONG 


Infrared Absorption Spectra of Steroids (An Atlas). By KONRAD Dosriner, FE. R. KATZENE! 
LENBOGEN AND R. NORMAN JONES. 339 pp., $11.50, Interscience Publishers, Inc., New 
York. 

Che work of Dr. Dobriner and his associates has lent increasing importance to the infrared 
absorption spectrum as a research tool in steroid chemistry. Following the untimely death of 
Dr. Dobriner, his co-workers have drawn together in this volume some of the results of their 
pioneering work in this field. 

The introduction contains a brief discussion of the experimental techniques and_ the 
application of absorption spectra to the determination of the molecular structure of steroids 
The remaining body of the book, or the atlas, is composed of 308 charts, each containing a 


specific spectrum obtained by plotting the wave number in cm."! 


against the percentage 
absorption observed for a particular steroid. In most cases one such spectrum is shown o! 
each page. The frequency ranges covered extend from 600 cm.~! to 1800 cm.-! and, as pre 
sented, each chart has been divided into three regions: region 1 lies between 1800 and 1580 


cm.~!, region 2 between 1480 and 1300 cm.-!, and region 3 between 1450 and 650 cm 


Since the experimental conditions vary somewhat in each of these regions, information c 


cerning the prism type, cell length, solvent, and steroid concentrations used has been listed 


for each region explored in the study of the compound. Also presented with the curve are the 
formula, molecular structure, and the name of the particular compound. The charts have 
been arranged so that compounds with similar functional groups are brought together 


Spectra of the steroid hormones comprise the majority of the curves, but steroid alcohols, 


bile acid esters, steroid sapogenins, cardiac aglycones, and steroid alkaloids are represent 
rhe atlas also contains a bibliography and very useful indexes which list the charts bot! 
numerically and alphabetically. Information is available which will permit the reader t 


reproduce the curves in the original scale. 
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Phis | lication makes available to the research worker a great number of infrared spectra 
of steroids of known structure. The previous paucity of such published material has greatly 
hampered comparison of data in this field. The appearance of this book will do muc h to ad 
vance tl tudy of the chemistry of the steroids. 


IF. K. Hitron 
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Diabetic Care in Pictures. Simplified Statements with Illustrations Prepared for the Use of 
the Patient, 2nd edition. By HELEN ROSENTHAL AND JOSEPH ROSENTHAL. 164 pp., 
$3.00. J. B. Lippincott Co., Philadelphia, Pa. 

Diseases of the Retina, 2nd edition revised and augmented. By HERMAN ELwyn. 713 pp., 
$12.00. The Blakiston Co., New York 

The Epileptic Cramp Attack as a Psychosomatic Reaction. (A Psychobiological Study). 
By Rar. Gorpin. 167 pp., Dan. kr. 20. Ejnar Munksgaard, Copenhagen, Denmark 

Neurosenfrage, Ursachenbegriff und Rechtsprechung. By W. SCHELLWORTH. 98 pp., 
kartoniert DM 9. Georg Thieme Verlag, Stuttgart, Germany. 

Sergei N. Winogradsky. His Life and Work. By SELMAN \. WAKSMAN. 150 pp., 54.00 
Rutgers University Press, New Brunswick, N. J. 

Science and Man’s Behavior. The Contribution of Phylobiology. By TRIGANT BURROW. 
Edited by Witi1AM E. GAvr. 564 pp., $6.00. Philosophical Library, New York 

Textbook of Preventive Medicine. By HUGH RODMAN LEAVELL AND E. GURNEY CLARK 
629 pp., $8.00. McGraw-Hill Book Co., New York. 
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